Tumors of the CNS are among the most challenging malignancies to treat. Despite surgery, radiation, and chemotherapy, many patients have incurable cancers and suffer disabling symptoms. The median survival of patients with glioblastoma, the most common malignant adult brain tumor, remains less than 2 years, and brain tumors include the most common and difficult-to-treat malignancies in children. Although these statistics are daunting, recent advances in the understanding of brain tumor biology have fueled a new sense of optimism that more effective and less toxic treatments can be developed. This Special Series summarizes progress across a variety of adult and pediatric CNS malignancies with an eye toward future therapeutic opportunities. Some articles review current standard-of-care and practice-changing clinical trials among specific brain tumor types. Others summarize research findings that are shaping the way we think about brain tumors and that hold promise to advance novel treatments.
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Whole-genome and RNA sequencing, as well as global epigenetic profiling, have revolutionized our understanding of pediatric brain tumors-they explain why these diseases, once regarded as histologically homogeneous cancers, display discrepant behaviors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] This new knowledge could improve the treatment of patients by pinpointing good-prognosis cohorts for reduced-treatment trials (which ultimately spares tissue from toxicity) and by targeting relatively poor-prognosis subtypes for novel treatment studies. In this regard, Mack and Northcott 12 provide an overview of approaches to supplement the current histopathologic classification of pediatric brain tumors with a variety of -omics approaches. Among malignant pediatric brain tumors, medulloblastoma is the most common and, arguably, the best understood. DNA and RNA microarray profiling techniques first demonstrated that these tumors comprise molecularly and clinically distinct tumor types, each marked by a unique transcriptional profile.
13-15 Subsequent cross-species genomic studies demonstrated that these transcriptional profiles likely echo those of the corresponding originating cell type in the developing hindbrain. 16 Armed with these and subsequent whole-genome sequencing data, Ramaswamy and Taylor 17 review changes in the classification, risk stratification, and treatment of medulloblastoma. Similar approaches have been used to better understand the cellular and molecular origins of ependymoma, the third most common type of pediatric brain tumor; however, treatment of this disease has been limited significantly by chemotherapy resistance.
18,19
Merchant 20 discusses the evolution of ependymoma therapy and, in particular, the efforts to reduce iatrogenic complications and increase disease control. Although less common than their adult counterparts, pediatric high-grade gliomas are among the most frequent and lethal childhood brain tumors. These highly heterogeneous tumors have provided some of the most intriguing sequencing results of any cancer to date, not least of which is the identification of recurrent somatic mutations in H3F3A, which encodes histone H3.3, or in the related HIST1H3B, which encodes histone H3.1. 8, 9 These data have stimulated studies that provide insights into the basic biology of DNA metabolism and of brain tumor biology. 21, 22 In another review, Sturm et al 23 discuss this complex set of pediatric brain tumors and explore new insights into tumor biology and clinical management. As well as being driven by sporadic somatic mutations, pediatric and adult brain tumors may arise in the context of germline tumor predisposition syndromes. Campian and Gutmann 24 review the spectrum and treatment of central nervous system tumors that arise in individuals with neurofibromatosis type 1 and neurofibromatosis type 2.
Gliomas represent the most common malignant brain tumors in adults and are highly heterogenous in their clinical presentation. Integrated genomic profiling has substantially advanced our understanding of this group of malignancies, including the identification of glioma core pathways in glioblastoma and isocitrate dehydrogenase mutations in low-grade gliomas.
25-27 These studies have provided a foundation for the additional classification of low-grade gliomas into distinct disease subgroups 28 34 provide an update on primary CNS lymphoma and strategies to incorporate molecularly targeted agents, such as inhibitors of deregulated B-cell receptor signaling, into the treatment of this disease. Barzilai et al 35 describe a state-of-the art multidisciplinary approach toward spinal metastasis, an increasingly common problem in adults with cancer.
Four final reviews address important concepts in the biology, diagnosis, and treatment of brain tumors that are applicable to both pediatric and adult cancers. The concept that cancers may be propagated by stem-like cells stretches back decades, and some of the first evidence that such cells exist in solid tumors was provided by studies of brain tumors. 36, 37 Parada et al 38 review evidence for and against brain tumor stem cells and their implications for treatment. The intimate relationship of brain tumors to critical structures in the CNS renders imaging particularly important in disease management. Exciting advances in several new modalities are likely to provide real-time evaluation of the metabolism, treatment response, and microenvironment of brain tumors. Brindle et al 39 review existing and novel approaches to neuroimaging-based diagnosis, and Wen et al 40 review the use of imaging to evaluate brain tumor treatment. Finally, longanticipated evidence that the immune system could be harnessed for therapeutic gain in the treatment of cancers has been provided by studies of various liquid and solid cancers. 41 Here, Sampson et al 42 provide insights into how immunotherapy might be developed for brain tumors.
All of the articles in this Special Series were graciously contributed by leaders in the field and highlight areas of substantial progress and extraordinary opportunity in neuro-oncology. However, we must learn from previous decades of failed drug development. Translation of new knowledge into effective therapies will require a much deeper understanding of actionable genetic alterations, of the contribution of drug targets to tumor maintenance, and of how best to integrate novel treatments with existing standard of care. Given the uncertainty of drug delivery across the blood-brain barrier and the lack of experimental models to reliably predict drug penetration in the CNS, the clinical evaluation of investigational agents also should include documentation of target inhibition in on-treatment biopsies and quantitative evaluation of drug-related effects on tumor growth rates, tumor metabolism, and tumor evolution. More extensive and comprehensive evaluation of cerebrospinal fluid for liquid biopsies may be informative in this regard. 43, 44 And let us not forget to measure treatment effects that are perhaps less obvious to the oncologist but very real to the patient-for example, changes in seizure frequency, reductions in corticosteroid doses, avoidance of treatment-related cognitive changes. Although much work remains, the roadmap provided by recent biology and clinical advances provides us with the tools needed to generate real impact for patients.
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